A high prevalence of skin pigmented lesions of 15% was recently reported in coral trout Plectropomus leopardus, a commercially important marine fish, inhabiting the Great Barrier Reef. Herein, fish were sampled at two offshore sites, characterised by high and low lesion prevalence. A transcriptomic approach using the suppressive subtractive hybridisation (SSH) method was used to analyse the differentially expressed genes between lesion and normal skin samples. Transcriptional changes of 14 genes were observed in lesion samples relative to normal skin samples. These targeted genes encoded for specific proteins which are involved in general cell function but also in different stages disrupted during the tumourigenesis process of other organisms, such as cell cycling, cell proliferation, skeletal organisation and cell migration. In addition, a partial Xmrk sequence was isolated from coral trout skin cDNA. The results highlight transcripts that are associated with the lesion occurrence, contributing to a better understanding of the molecular aetiology of this coral trout skin disease.
Introduction
Fish tumours have been monitored for many years in order to assess the impact of exposure to anthropogenic stressors on the health of marine ecosystems (Malins et al. 1984) . While the molecular aetiology and histological characteristics of tumours in bottom dwelling fish living in temperate marine ecosystems are well documented (Mix, 1986; Feist et al. 2015) , relatively less is known on tumours of fish species from tropical regions, with examples limited to neurogenic tumours in damselfish (Schmale et al. 2002) and isolated instances of melanomas in the butterfly fish such as Chaetodon multicinctus and C. miliaris, (Okihiro, 1988) , and the surgeon Ctenochaetus strigosus (Work and Aeby, 2014) . In contrast, in controlled aquaria settings, several model species of tropical fish are routinely used in mechanistic studies, A high prevalence of skin lesions, upwards of 15%, was recently reported in coral trout (Plectropomus leopardus) populations from the southern Great Barrier Reef (GBR) (Sweet et al. 2012 ). In the absence of microbial pathogens, and given the strong histopathological similarities of UV-induced melanomas in Xiphophorus, Sweet et al. (2012) Xie et al. 2014) and more recently on transcriptomic analyses of two colour morphs (Wang et al. 2015) . Meanwhile, further studies on the skin pigmented lesions in this species have yet to be conducted. In this study we therefore aimed to better assess the aetiology of the lesions reported by Sweet et al. (2012) by isolating key genes associated with the skin lesion development in coral trout.
Materials and Methods

Sample collection
Coral trout were sampled during 2013 at two locations on the Great Barrier Reef, Australia; Heron Island and Townsville (Table 1 ). All individuals were captured by rod and reel, or hand line fishing with a barbless 8/0 hook. Upon capture each individual was measured (cm total length), photographed and the percentage body cover of the lesions noted (Table 1) .
Individuals were sacrificed and immediately placed on ice for dissection and skin sampling.
Samples were collected from individuals with lesions and without lesions (52.3 ± 5.0 cm, mean ± SD, n = 8, 41.3 ± 8.3 cm, mean ± SD, n = 8, respectively). Samples included skin and attached musculature and were stored at -80°C prior to analysis. Table 1 . Sampling site location coordinates (latitude and longitude), lesion body cover (%) and lentgh (mm) of the fish collected at Heron Island and Townsville Reefs, Australia.
*no diseased individuals have been collected in this region so prevalence is low, possibly 0 †Additional samples used for qPCR analysis which were not included in the original SSH experiment
Suppression Subtractive Hybridisation (SSH)
The SSH method was performed to enable the identification of genes which were differentially expressed between normal skin samples and lesion samples from coral trout. For each skin tissue sample from individual fish, total RNAs were extracted using the High Pure RNA Tissue kit (Roche Diagnostics Ltd, West Sussex, UK) according to the supplier's instructions. RNA quality of the 16 samples was evaluated by electrophoresis on a 1% agarose- 
Subcloning and sequence identification
Two approaches were used to purify the final PCR products from the SSH reaction, prior to ligation and sub-cloning, in order to obtain clones containing variously sized geneinserts. In the first approach, the PCR products were purified using the NucleoSpin® Extract II Kit (Macherey Nagel, UK), followed by ethanol precipitation to concentrate the samples. For the second approach, PCR products were run on a 1.5% TBE agarose gel post-stained with ethidium bromide (Invitrogen, Paisley, UK) and each lane of the gel was cut into four sections which were purified from the gel with the NucleoSpin® Extract II Kit (Macherey Nagel, UK), in order to reduce the effect of any potential size-bias the cloning procedure may exhibit.
Sub-cloning with blue/white screening was carried out with both the purified PCR products and the purified gel-excised PCR products. These were conducted using the Original 
Quantitative real-time PCR validation of SSH results
In order to validate the results of the SSH experiment, 4 genes were selected for qPCR analysis. Two up-regulated transcripts were associated with lesion samples: amyloid-like protein 2 (APLP2) and Kelch repeat and BTB domain-containing protein 8 (KBTBD8), along with two down-regulated transcripts: creatine kinase M-type (CKM) and strawberry notch homolog 2 (SNO). RNA was prepared from skin samples of the 12 individuals used for the SSH analysis (n = 6 for normal fish and n = 6 for lesion fish samples) with the addition to two further samples obtained for each sample type (Table 1) . RNA extraction was performed using the High Pure RNA Tissue Kit reagents (Roche, UK). In order to increase the RNA yield, an additional step in the extraction protocol involving the addition of ~10 U proteinase K (~800 U/mL) (Thermo Scientific, UK) and 1 µL (28 mM final concentration) beta-mercaptoethanol (Agilent Technologies, UK), followed by a 1 hr incubation at room temperature, was performed after rotor stator homogenisation. The total RNA concentrations were calculated using a Qubit 1. Primers for the qPCR reactions were designed based on the sequences obtained from the SSH experiment (Table 2) were included alongside all runs to confirm lack of contamination and lack of secondary product formation such as primer dimers. Primer efficiencies were calculated for all primer pairs over a 10X dilution range of cDNA template and were all found to be within the desired 
Results
Skin lesion incidence
Fifteen percent of the fish caught at Heron Island Reef displayed dark skin lesions covering 20
to 95 % of the body surface ( 
SSH analysis
A total of 14 genes were identified as differentially expressed between normal and lesion skin samples, 6 up-regulated and 8 down-regulated genes were present in lesion samples (Table 3 ). These were identified based on sequence similarity to NCBI database sequences and in all cases the greatest degree of sequence similarity was shared with other fish species. All coral trout sequences generated here were submitted to the NCBI database and awarded accession numbers (Table 3) .
Validation of differentially expressed transcripts
No statistically significant difference was detected between the EF1expression levels of up-or down-regulated, relative to normal skin samples, were found in fish skin lesions (Table  36 3). These transcripts variously encode for proteins involved in general cell function 37 
